The unprecedented increase in litter size over the last decade has led to a perceived increase in the number of fallback pigs (Sus scrofa). However, there is little peer-reviewed data available regarding the biological differences between fallback pigs and their normal cohorts. Therefore, the objective of this experiment was to identify differences in the biology and physiology, and thus the growth and metabolism, between pigs with varying weaning weights (WW) and postweaning performance. To accomplish this objective, a total of 120 barrows (PIC C22/C29 × 337) were used in growth and comparative slaughter experiments. Pigs were selected from a population of 960 weanling pigs to represent the 10% lightest, median, and heaviest pigs at weaning (n = 40 pigs per WW category). Eight pigs from each WW category were harvested on d 5 postweaning as the initial slaughter group (ISG). The remaining 96 barrows were housed in individual crates, fed ad libitum quantities of a common diet during a 27-d growth study, and were harvested on d 33 or 34 postweaning. After the completion of the live animal component of the experiment, pigs within each WW category were further stratifi ed into the slowest, median, or fastest 33% ADG categories. This resulted in a total of 9 treatments in a nested design. Fallback pigs were designated as those belonging to the slowest ADG category from either the lightest or median WW categories. Data were analyzed using the GLIMMIX procedure of SAS with the fi xed effects of WW category and WW(ADG). Although feed intake was maximized (P < 0.0001) by WW(ADG) category, feed effi ciency was not different (P = 0.30). When equalized per unit of BW, WW(ADG) category greatly affected (P < 0.02) eviscerated carcass, organ, and metabolic BW, but not (P = 0.28) empty BW. There were no differences (P > 0.12) in tissue nutrient concentrations, ratios, or energy content among pigs in the growth experiment. All tissue deposition rates, which were calculated as the difference between tissue nutrient concentrations of the growth experiment and initial slaughter groups, were maximized (P < 0.0002) by WW(ADG), even when equalized per unit of BW. In conclusion, WW and ADG affect tissue accretion rates, but not feed effi ciency or carcass composition in nursery pigs.
INTRODUCTION
The U.S. swine industry has experienced a dramatic increase in litter size in recent years. An additional 1.15 pigs were born per litter from March through May 2011 compared with the same time period in 2001 (USDA-NASS, 2001 . This increase in litter size can be largely attributed to improved genetics and management practices. Unfortunately, this increase in litter size may have a detrimental effect on postnatal performance, because as litter size increases, uterine blood fl ow to each fetus is reduced (Père et al., 1997) . This causes a decreased concentration of nutrients supplied to individual neonates and lighter piglet birth weights (Quiniou et al., 2002; Bérard et al., 2008) . Therefore, this impaired fetal development and smaller birth weight may be the root cause of increasing numbers of fallback pigs reported in the industry. Fallback pigs are those that fail to achieve performance in the barn equal to that of their contemporaries. Pigs can be born as fallbacks, in that they have a lighter birth weight and thus diminished capacity for postnatal growth due to intrauterine growth retardation (IUGR; Town et al., 2005) . However, pigs with a normal or heavy birth weight can also become fallback pigs due to poor nutrition, management, environmental conditions, or disease. There are many causes for this underachievement, many of which remain undetermined or undefi ned (Wu et al., 2004 (Wu et al., , 2006 .
Whatever the cause, these pigs compromise production throughput, result in weight penalties at market, reduce barn fl ow, and may disrupt overall herd health. Whereas these are generally accepted principles in the fi eld, there is little peer-reviewed data available regarding the physiological differences between fallback pigs and their normal cohorts. Therefore, the objective of this experiment was to identify differences in the growth, tissue accretion rates, and body composition between pigs based on their varying weaning weights (WW) and postweaning performance.
MATERIALS AND METHODS
All experimental procedures adhered to the ethical and humane use of animals for research, and were approved by the Iowa State University Institutional Animal Care and Use Committee (#9-09-6807-S).
Animals, Housing, Diets, and Experimental Design
All animal experiments were conducted at the Iowa State University Swine Nutrition Farm in Ames, IA. Through 4 replicates, 120 weanling pigs (PIC C22/C29 × 337, Carthage Veterinary Service, Carthage, IL) were used in growth and comparative slaughter experiments. Care from birth to weaning was carried out according to routine procedures on the source farm. At 18 to 22 d of age, 960 pigs (5.77 ± 3.92 kg BW) were weaned and transported to the Iowa State University Swine Nutrition Farm. Upon arrival, pigs were weighed and tagged with an individual identifi cation number. All viable barrows that did not exhibit outward signs of lameness or ruptures (5.81 ± 3.72 kg BW) were retained for experimental animal selection. Forty of these barrows (10/replicate) were selected from the 10% lightest (LWW), median (MWW), and heaviest (HWW) weaning weight categories (120 total pigs) for the experiment.
Pigs were blocked by WW category and randomly allotted to individual 0.53 × 0.71 m stainless steel, fully slatted pens. A single-hole self-feeder and nipple waterer fi tted with a cup in each pen allowed for ad libitum access to feed and water during acclimation and the growth experiment. Pigs were fed common diets as part of a commercial phase-feeding program (12) (13) (14) (15) (16) (17) (17) (18) (19) (20) (21) (22) (23) (24) (25) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) Kent Feeds, Inc., Muscatine, IA) . Feed included 38.6 ppm tiamulin hydrogen fumarate and 440.9 mg/kg chloratetracycline, which served as feed-grade antibiotics. Pigs were allowed a 5-d acclimation period to adjust to weaning and environmental changes.
Eight pigs per WW category (24 total pigs) were euthanized as part of an initial slaughter group on d 5 postweaning. The remaining 32 pigs in each WW category were part of a 27-d growth experiment. On d 10, one barrow from the MWW category was removed from the experiment, euthanized, and confi rmed positive for Haemophilus parasuis. None of the data associated with this pig were included in analyses. No other pigs were removed from the experiment.
Pigs were weighed weekly and feed disappearance was measured for the calculation of ADG, ADFI, and G:F. The ADFI was expressed as a percentage of projected ADFI by dividing the actual DE intake by the estimated DE intake (NRC, 1998): DE intake (Mcal/d) = -1.531 + (0.4555 × WW) -(0.00946 × WW 2 ). After the completion of the experiment, WW categories were further stratifi ed into the slowest, median, and fastest 33% ADG categories (slowest = 1, median = 2, fastest = 3) within each WW category (Figure 1 ). This yielded a nested trial design, where 3 ADG categories (1, 2, 3) were nested within 3 WW categories (LWW, MWW, HWW) for a total of 9 treatments.
Body Composition and Tissue Accretion Analyses
All pigs used in the experiment were harvested after an overnight fast on d 5 (initial slaughter group, ISG), 33, or 34 postweaning (fi nal slaughter group). All blood was collected after exsanguination. Contents from the stomach, intestines, gallbladder, and bladder were emptied. Excess moisture was removed from the organs and organs weighed. Whole carcasses, plus head, feet, blood, and organs were frozen, ground, homogenized, and subsampled. Subsamples were then freeze dried, ground through a 1-mm screen, and analyzed for percentage DM, ash, crude fat, N, and GE. Briefl y, percentage DM and ash were determined according to modifi ed methods 930.15 and 942.05 (AOAC, 2007) , respectively, where samples were dried at 105°C or 600°C, respectively, to a constant weight instead of 2 h. Crude fat was determined by ether extraction without acid hydrolysis according to method 920.39 (AOAC, 2007) . Nitrogen content was determined by Kjeldahl according to method 981.13 (AOAC, 2007) . Calibration was conduction with a glycine standard (N content 18.7 ± 0.1%). Upon analysis, N content of the glycine standard was 18.7 ± 0.08%. Crude protein was expressed as nitrogen × 6.25. Benzoic acid was used as the standard for calibration (6,318 ± 18 kcal/kg) for GE using bomb calorimetry and was determined to be 6,321 ± 12 kcal/kg. All chemical analyses were carried out in duplicate, and repeated when the intraduplicate coeffi cient of variation exceeded 1%.
Based on the subsample chemical composition, total body composition was calculated for water, protein, lipid, and ash using the empty BW or in ratio to one another. The chemical carcass composition of pigs in the ISG was used to estimate the initial body compositions of pigs used in the growth experiment. Within each treatment, the accretion of water, protein, lipid, and ash were estimated by: (Final content, g of tissue -initial content, g of tissue)/ days between harvest dates. Tissue accretion rates were equalized for differences in BW by dividing the g of tissue deposited per day by kg of empty BW.
Statistical Analyses
Data were analyzed using the GLIMMIX procedure (SAS Inst., Cary, NC), where individual pig served as the experimental unit. The model consisted of the fi xed effects of WW (lightest, median, or heaviest) category and ADG (slowest, median, or fastest) category nested within WW category, and the random effects of replicate and pen. Least squared means were calculated, and treatments were compared using the SLICE and SLICEDIFF procedures. Tukey-Kramer corrections were used to adjust for multiple comparisons among treatments and to minimize possible ß-errors. Results were considered signifi cant if P was ≤0.05 and trends if P was ≤0.10. The degree to which growth performance and carcass characteristics were related to WW and ADG categories was determined with Pearson correlation coeffi cients using the CORR procedure of SAS.
RESULTS AND DISCUSSION
The lighter BW and slower ADG characteristic of fallback pigs are usually caused by a combination of various circumstances that compromise the ability of a pig to develop and grow as well as its contemporaries. As expected, BW, ADG, and ADFI were maximized (P < 0.0001) by heavier WW categories in this experiment (Table 1) . This may be a refl ection of birth weight, as birth weight is highly correlated with WW. Furthermore, it is widely accepted that pigs with lighter birth weights grow slower than pigs with heavier birth weights (Rehfeldt and Kuhn, 2006; Beaulieu et al., 2010) . In our study, more revealing was the magnitude of growth differences between WW categories. By the end of the experiment, pigs from the LWW category were more than 7.5 kg lighter than pigs from the HWW category. In a similar study by Beaulieu et al. (2010) , a BW difference of 5.1 kg of similarly-aged pigs resulted in a BW difference of 9.6 kg at fi rst pull (the date when the fi rst cut of hogs are marketed from a contemporary group), and days to a common BW at market varied by 10 d. Although pigs in this experiment were fed ad libitum, ADFI was only 56 to 70% of projected voluntary feed intake (NRC, 1998) . These low values may be attributed to the diffi culty of adapting weanling pigs to individual metabolism crates or may be due to improvements in feed conversion compared with those from which the NRC equation was created. The genetic improvement in feed effi ciency inherently decreases voluntary feed intake (Nyachoti et al., 2004) , resulting in an overestimation of voluntary feed intake by the NRC equation. In our experiment, feed effi ciency was affected (P = 0.04) by WW category. Pigs from the LWW category had improved (P = 0.01) feed effi ciency compared with pigs from the median category, but not (P = 0.16) those from the greatest category. We have no explanation why the medium category had the poorest feed effi ciency.
When analyzed according to WW(ADG) category, BW and ADFI were again maximized (P < 0.0001; Table 2 ) by heavier WW and faster ADG. Upon analysis, it was apparent that pigs from 2 of the 9 treatments could be classifi ed as fallback pigs, whereas those from the remaining 7 treatments could be classifi ed as normal contemporaries. The defi nition of a fallback pig is arbitrary and varies among different researchers. For this experiment, fallback from normal growth performance was characterized by both WW and ADG. Thus, pigs from the LWW1 and MWW1 categories were arbitrarily chosen as fallback pigs because they had similar ADG (378 vs. 378 g; P > 0.10); which was signifi cantly (P < 0.05) slower than those from the other 7 treatments. Pigs from the HWW1 category were not chosen as fallback pigs because their mean ADG was signifi cantly greater (543 vs. 378 g; P < 0.05) compared with pigs from the other slowest ADG categories. Therefore, pigs from the LWW3, MWW2, MWW3, HWW1, HWW2, and HWW3 categories were characterized as normal contemporaries.
Our classifi cation of fallback pigs appears to have been appropriate, because compared with all other categories they had signifi cantly poorer (P < 0.05) starting BW, fi nal BW, ADG, and ADFI. This confi rms that fallback pigs have decreased ADG and ADFI compared with their heavier counterparts. However, there was no effect (P = 0.30) of WW(ADG) category on feed effi ciency, which suggests that ADG improvements were primarily driven by ADFI. This is similar to results found by Bruininx et al. (2001) , but is in contrast to a variety of IUGR research (Wu et al., 2006; Nissen and Oksbjerg, 2011) providing evidence that although similar, fallback pigs do not embody all physiological traits of animals with IUGR.
Differences in WW category resulted in very few effects on the physical body composition of pigs in the initial slaughter group (Table 3) . However, WW category greatly affected the body composition and organ weights (Table 4) . Pigs from the HWW category had greater (P < 0.02) fasted BW, eviscerated carcass weight, empty BW, and metabolic BW compared with pigs from the LWW category. However, these differences in actual BW did not (P > 0.12) result in differences when BWs were equalized per kilogram of fasted BW. Similarly, pigs from the HWW category had heavier (P < 0.001) organ weights compared with pigs from the LWW category. This is in agreement with the fi ndings by Wang et al. (2005) , who reported that pigs with IUGR had lighter stomach and small intestine weights compared with normal birth weight littermates. Organ weights are inherently confounded by BW, but pigs from the HWW category in our experiment still had lighter (P = 0.03) intestine weights than those from the LWW category after equalizing organ weights per kg of empty BW. This supports the hypothesis that light BW pigs have underdeveloped gastrointestinal tracts (Yeung and Smyth, 2003) . In our experiment, no other differences in organ weights remained (P > 0.07) after equalizing organ weights per kilogram of metabolic BW. Others have found that differences in body composition coincide with differences in pig genotype, even at similar BW (Rook et al., 1987; Quiniou and Noblet, 1995) . Although all pigs in the current experiment were from a similar genotype, these fi ndings suggest that the observed differences in body composition are related to physiological differences beyond actual weight differences.
More differences in physical body composition remained after being equalized for differences in BW when analyzed according to WW(ADG) category (Table 5 ). All actual BW were maximized (P < 0.0001) by both heavier WW and faster ADG categories. When equalized per unit of BW, WW(ADG) category still greatly affected (P < 0.02) eviscerated carcass, organ, and metabolic BW, but not (P = 0.28) empty BW. Intestine and stomach weights remained different (P = 0.001) after being equalized per unit of BW, as reported by Pluske et al. (2003) . These internal organ weights tended (P < 0.10) to be heaviest in fallback pigs compared with pigs from all other WW(ADG) categories. Stomach, empty 6.7 6.9 6.1 0.52 0.31 a-c Means within a row that do not share a common superscript differ P < 0.05. 1 LWW = lightest 10% weaning weight; MWW = median 10% weaning weight; HWW = heaviest 10% weaning weight.
2 EBW = empty BW: the sum the eviscerated carcass weight (including head and feet) and organ weight (including all organs listed and blood, but not digestive contents).
3 Calculated using the equation by Noblet et al., 1999 : Metabolic BW = BW 0.60 . Stomach, empty 8.0 7.6 7.6 0.35 0.71 a-c Means within a row that do not share a common superscript differ P < 0.05. 1 LWW = lightest 10% weaning weight; MWW = median 10% weaning weight; HWW = heaviest 10% weaning weight.
2 Carcass weight (including head and feet) after organs, blood, and digestive contents were removed. 3 The sum of the blood, heart, intestines and mesentery, kidneys, liver, lungs, spleen, and stomach, but not digestive contents.
4 EBW = empty BW; the sum the eviscerated carcass weight and organs, but not digesta.
5 Calculated using the equation by Noblet et al., 1999 : Metabolic BW = BW 0.60 . 6 Included mesentery.
Although pigs from the LWW category in the ISG had decreased (P = 0.02) GE compared with pigs from the HWW category, other measures of chemical body composition did not vary considerably (Table 6 ). The exception is water, which was greater in the LWW category. This group tended to have the greatest water:protein ratio (P < 0.06), although body protein was constant across all 3 categories (P > 0.10). These data also agree with the slightly greater GE content of the carcass mentioned above. This is in contrast with the majority of data regarding IUGR in pigs and other mammals (Wu et al., 2006) . For instance, Rehfeldt and Kuhn (2006) found that light birth weight pigs had increased percentage organ and decreased percentage muscle compared with heavier pigs. Pigs involved in our growth experiment had more expected results, as those from the LWW category had both lighter (P = 0.02) empty BW and decreased (P = 0.01) percentage lipid compared with pigs from the HWW category (Table 7 ). These differences in lipid composition have been shown in both pigs and sheep with IUGR. Kampman et al. (1994) found that pigs with IUGR have decreased perirenal fat stores, and suggested that these differences may be due to a defi ciency in IGF-I. In fact, studies in both sheep and neonatal pigs with IUGR have shown that IGF-I infusions increase fat accretion levels (Schoknecht et al., 1997) . However, these differences did not result (P > 0.10) in differences in other tissue concentrations, nor their ratios. All tissue deposition rates, which were calculated as the difference between tissue nutrient concentrations of the growth experiment and initial slaughter groups, were lowest (P < 0.0001) in pigs from the LWW category compared with other categories, but these differences did not remain (P > 0.20) after being equalized for BW. Means within a row that do not share a common superscript differ P < 0.05. 1 LWW1 = lightest 10% WW, slowest 33% ADG; LWW2 = lightest 10% WW, median 33% ADG; LWW3 = lightest 10% WW, fastest 33% ADG; MWW1 = median 10% WW, slowest 33% ADG; MWW2 = median 10% WW, median 33% ADG; MWW3 = median 10% WW, fastest 33% ADG; HWW1 = heaviest 10% WW, slowest 33% ADG; HWW2 = heaviest 10% WW, median 33% ADG; HWW3 = heaviest 10% WW, fastest 33% ADG.
2 EBW = empty BW: sum of eviscerated carcass weight (including head and feet) and organ weight (including all organs and blood, but not digesta). 3 Metabolic BW; calculated using the equation by Noblet et al., 1999 : Metabolic BW = BW 0.60 .
There were no differences (P > 0.12) in carcass water, lipid, protein, or ash concentrations, ratios, or energy content among the WW(ADG) categories (Table 8) . However, tissue deposition rates were maximized (P < 0.0002) by heavier WW and faster ADG categories, even when equalized per unit of BW. These decreases in tissue deposition rates were most extreme in pigs from the least ADG categories, which includes pigs characterized Means within a row that do not share a common superscript differ P < 0.05. 1 LWW = lightest 10% weaning weight; MWW = median 10% weaning weight; HWW = heaviest 10% weaning weight.
2 EBW = empty BW: sum of eviscerated carcass weight (including head and feet) and organ weight (including all organs and blood, but not digesta). 2 EBW = empty BW; the sum the eviscerated carcass weight (including head and feet), organs, and blood, but not digestive contents. Means within a row that do not share a common superscript differ P < 0.05. 1 LWW1 = lightest 10% WW, slowest 33% ADG; LWW2 = lightest 10% WW, median 33% ADG; LWW3 = lightest 10% WW, fastest 33% ADG; MWW1 = median 10% WW, slowest 33% ADG; MWW2 = median 10% WW, median 33% ADG; MWW3 = median 10% WW, fastest 33% ADG; HWW1 = heaviest 10% WW, slowest 33% ADG; HWW2 = heaviest 10% WW, median 33% ADG; HWW3 = heaviest 10% WW, fastest 33% ADG.
2 EBW = empty BW: sum of eviscerated carcass weight (including head and feet) and organ weight (including all organs and blood, but not digesta).
as fallbacks. This fi nding is unexpected, because protein and lipid deposition rates are expected to be constant when energy intake is above maintenance (de Lange and Schreurs, 1995; de Lange et al., 2001) . Furthermore, protein synthesis rates have been shown to not be affected by IUGR . Thus, the observed differences in tissue deposition suggest that fallback pigs may have different maintenance requirements than heavier pigs. The testing of this hypothesis requires an extensive experiment using respiration chambers, but may reveal the root cause of fallback in pigs. The direction and magnitude of infl uence of WW or ADG were further characterized by correlations with variables in growth performance, physical body composition, and chemical carcass composition (Table 9 ). Many of these variables were affected by WW or ADG. Both ADG and ADFI were moderately positively correlated (P < 0.0001) with WW, whereas feed effi ciency was weakly negatively correlated (P = 0.01). Actual BW was strongly positively correlated (P < 0.0001) with WW. However, most organ weights were weakly negatively correlated (P < 0.0001) with WW after being equalized per kg of empty BW. There was no correlation (P = 0.35) between WW and ash:protein ratio. However, all other chemical carcass composition percentages, ratios, and deposition rates were generally weakly correlated (P < 0.02) with WW. The directions of ADG and tissue deposition rates from this experiment were similar to values previously published in relation to NE intake by Oresanya et al. (2008) , but were weaker correlations.
Similarly to WW correlations, ADG was positively correlated (P < 0.0001) with ADFI, but weakly negatively correlated (P = 0.02) with feed effi ciency. Actual BW were strongly positively correlated (P < 0.0001) with ADG, whereas blood, heart, intestine, kidney, liver, lungs, and stomach were negatively correlated (P < 0.01) with ADG after being equalized per kilogram of empty BW. There was no correlation (P > 0.39) between ADG and spleen 2 The sum of the blood, heart, intestines and mesentery, kidneys, liver, lungs, spleen, and stomach, but not digestive contents.
3 Empty BW = the sum the eviscerated carcass weight and organs, but not digestive contents. 4 Calculated using the equation by Noblet et al., 1999 : Metabolic BW = BW 0.60 . 5 Included mesentery. weight or water:protein ratio. Meanwhile, ADG was weakly correlated (P < 0.02) with other chemical carcass composition percentages. Finally, tissue deposition rates were moderately positively correlated (P < 0.0001) with ADG.
Taken together, these fi ndings confi rm that fallback pigs differ in both their biology and physiology compared with their heavier contemporaries, and identify that these differences exist primarily in ADFI, intestine and stomach weights, and tissue deposition rates, but not feed effi ciency or chemical carcass composition. Further studies in nutrient digestibility, gut physiology and function, endocrine system regulation, and even gene expression are warranted and necessary to fully understand the differences between fallback pigs and their normal contemporaries. Additionally, these data further underscore the importance of research to understand the mechanisms regulating feed intake. The fi ndings from this experiment suggest that fallback pigs may differ in maintenance requirements from their heavier contemporaries and that many characteristics of fallback pigs differ from those with intrauterine growth retardation.
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